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Soldiers  ccxne  into  cxsitact  with  volatile  fuels,  sensitive  nuniticns, 
and  other  explosive  substa^ioes,  thus  the  risk  of  e9q>losian  due  to 
electrostatic  discharge  is  of  great  ccncem.  Hiis  risk  has  increased  new 
that  more  synthetic  fibers  are  used  in  the  soldiers'  clothing  aixl 
individual  equipment.  To  reduce  this  risk,  Natick  inclixies  static 
protection  as  an  integral  part  of  clothing  vram  in  electrostatic  sensitive 
environments.  Ihis  is  accoiplished  through  the  use  of  topiced  eintistatic 
'Lreatments.  These  finishes  are  nenpermanent,  and  require  periodic 
retreatment  of  the  uniform.  Durable  methods  of  static  protection  £ue 
under  investigation,  2ls  reported  here.  Care  most  be  taken  to  naintain 
other  necessary  fabric  characteristics  such  aa  fetbric  durability,  air 
permeability,  flame  resistance  and  camouflage  properties.  Premising 
methods  for  reducing  ciiarge  buildup  are  the  use  of  conductive  fibers  in 
the  form  of  intimate  blends  or  conductive  grids.  This  report  is  the 
result  of  vrork  performed  during  the  period  frem  Oct  89  to  Jul  91. 
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Cbnductive  Grids  vs  Intinate  Blends  with  Conducrtive  Fibers 
as  Alternatives  to  Topical  Antistatic  Treatments 


Introdncticn 

With  the  increased  use  of  synthetic  materials  in  military  uniforms, 
there  exists  a  greater  potential  for  electrostatic  charge  accnmulation  cn 
clothing.  Hiis  potential  can  be  extremely  hazardous  when  present  in  the 
wrong  envircximent.  Perscnnel  handling  fuel,  munitions,  and  other 
electrostatic  sensitive  substances,  are  at  risk.  The  hazctzd  multiplies 
with  increased  charge  accunulaticn,  the  use  of  ncnccnductive  clothing,  the 
inability  to  ground  oneself,  and  with  loMer  humidities  and  cooler 
teoperatures. 

Ill  the  past,  topical  antistatic  treatments  were  used  to  decrease  chcurge 
accunulaticn  on  textd-Le  materials  for  wear  in  electrostatic  sensitive 
areas.  It  is  known,  however,  that  these  treatments  are  not  durable,  and 
remain  effective  for  a  Hmit^  number  of  launderings.  Additionally, 
topic2Ll  antistats  decrease  or  counteract  the  performance  of  other  tcpical 
treatments,  stxdi  as  flame-retardcints  and  water-repellants .  For  this 
reason,  a  more  durable  solution  to  the  control  of  charge  accunulaticn, 
without  adversely  eiffecting  other  desirable  material  properties,  was 
sought.  This  b^an  with  the  addition  of  stainless  steel  fibers  to  the 
fabric  blend  and  expanded  to  the  addition  of  fibers  with  conductive 
coatings  and  conductive  cores  and  the  use  of  various  l^pes  of  conductive 
materials.  Nickel,  carbon,  and  silver  are  only  a  few  of  the  conductive 
materials  idiich  may  be  utilized  in  electroetatic  protective  mat'^xials. 

These  materials  may  be  integrated  in  the  form  of  intimate  blends, 
conductive  grids,  conductive  filaments/yams,  and  as  coatings  of  the  fabric 
surface. 

Since  survival,  protection  and  comfort  are  key  features  vhich  must  be 
achieved,  various  material  characteristics  need  to  be  considered  when 
evaluating  potential  solutions  to  the  static  problem.  Properties  of 
interest  inclixle  visual  and  near  infrared  characteristics  for  effective 
cancuflage  as  well  as  fabric  durability,  air  permeability,  flame 
resistance,  etc.  Therefore,  meted-coatad  fabrics  can  be  iisnsdiataly 
eliminated  as  a  method  of  static  control,  for  obvious  camouflage  reasons. 
Small  percentages  of  metal  and  carbon  fibers/filaments,  in  blend  or  grid 
form,  can  be  added  without  significant  change  to  visual  characteristics. 
These  are  the  fibers  and  fabric  constructions  being  considered  as  a 
replacement  for  topical  antistats. 


Eeckcgound 

Fabric  blends  with  conductive  fibers,  as  well  aa  fabrics  containing 
conductive  grids,  have  been  investigated  as  alternatives  to  topical 
antistats.  Various  percentages,  types,  and  methods  of  integrating  the 
conductive  fibca:  into  the  fabric  have  been  examined.  Tt<e  test  results  of 
these  materials  have  been  analyzed  to  determine  whether  or  not  there  is  an 
advantage  to  using  conductive  grids,  aa  opposed  to  conductive  fibers  in  an 
intimate  blend  form. 
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All  samples  were  tested  according  to  Method  5931,  "Electrostatic  Decay 
Of  Fabrics:  Determination  Of,"  Federal  Test  Method  Standard  191A  (sea 
i^^pendix  B) .  H-ds  test  method  measures  hew  quickly  fabric  sanples 
dissipate  a  charge.  Each  sanple  is  charged  toward  5000  volts  for  a  period 
of  20  seconds,  then  grounded.  The  maximum  voltage  level  (Vtaax)  obtained 
during  this  charging  period  is  recorded.  Decay  time  is  measured  by  taking 
the  difference  in  time  from  the  instant  the  sanple  is  grounded  to  the  time 
the  sanple  has  dissipated  90%  of  its  charge.  Test  results  ^diich  yield  Vlnax 
values  in  excess  of  4000  volts,  and  Decay  Times  of  less  than  0.5  second, 
are  considered  acc^jtable.  Ifaterials  with  these  characteristics  dissipate 
charge  quickly,  ajnd  exhibit  lew  residual  charge  levels.  Low  levels  of 
cheunge  decrease  the  threat  of  electrostatic  discharge  in  sensitive 
environments.  Laundered  sanples  are  laundered  according  to  Test  Method 
5556,  Federal  Test  Method  Standard  191A. 

Ihe  following  test  equipment  was  used  for  the  static  measurefnmts: 

Model  406C  Static  Decay  Meter  by  Electro-Tech  Systems 
(measures  voltage  levels  and  decay  time  of  sanples) 

Model  MFM  500  Thermo  Hygro  Tachemeter  ty  Solcmat  Corp»ration 
(measures  humidity) 

Model  506  Humidity  Test  Chamber  ty  Electro-Tech  Sj'stams 
(maintains  desired  humidity  levels  for  testing  purposes) 

Moc^  SE-561  Memory  Chart  Recxirder  by  BBC-Metrowatt/Goerz  (BBC) 
(plots  decay  curve) 

Model  M-2050  Digital  Scope  Multimeter  by  BBC 

(used  in  place  of  analog  meter  on  406C  for  calibration 
purposes) 

Due  to  electriced.  failure  of  the  Model  406C  Static  Decay  Meter,  sane  of 
the  sanples  were  tested  on  similar  equipment  belonging  to  the  Navy: 

Model  406C  Static  Decay  Meter  by  Electro-Tech  Systems 
Model  512  Automatic  Humidity  Controller  by  Electro-Tech  Systems 
Model  512-HS  Humidity  Sensor 
Model  506  Humidity  Test  Chamber 


Test  Materials 

See  Table  1,  i^pendix  A  (from  references  1  and  2).  Six  materials  with 
conductive  grids,  14  materials  ccmisisting  of  conductive  fibers  in  an 
intimate  blend  form  (7  blends  with  st^LLnless  steel  and  7  blends  with  carbon 
fibers),  as  well  as  two  materials  with  neither  conductive  fiber  nor 
antistatic  finish,  are  reported  herein.  Sanples  were  tested  both  before 
and  after  laundering,  according  to  Test  Meticd  5931  of  Federal  Test  Method 
Standard  191A.  Laundered  sanples  were  laundered  according  to  Test  Method 
5556  of  the  same  Standard. 


Results  and  Discussicyi 


Results  are  recorded  in  'teble  2,  Appendix  A.  The  two  naterials  vdthout 
static  protection  performed  poorly,  accepting  less  than  1000  volts  vAien 
charged  tcMard  5000  volts,  llie  first  of  these  t«D  materials  is  100% 
polyester,  vrfiich  is  the  base  material  for  the  samples  containing  ccanductive 
grids.  Ihe  second  of  the  tvo  materials  is  a  Ncmex/Kevlar  blend  \diich  hssd 
previously  been  treated  with  an  antistatic  finish,  though  the  finish  was 
removed  in  laundering.  The  results  of  these  two  nOTConductive  blends  can 
be  us^  cis  a  corporison  to  those  materials  rqxjrted  vdiich  contain 
conductive  fibers/filaments. 

Of  the  COTductive  materials  tested,  the  fabrics  containing  carbon 
appeeu:  to  be  the  least  affected  by  laundering  emd,  thus,  the  most  stable 
(see  Figures  A-1,  A-2  and  A-€).  These  blends  perform  well  electro¬ 
statically,  provided  enou^  carbcxi  is  present  in  the  material.  Figure  A-3, 
vAiich  displays  the  averaged  results  of  the  Aramid/Carbon  blends  given  in 
Table  2,  indicates  that  at  least  3.6  percent  carbon  is  needed  to  meet  the 
\ftnax  >  4000  volts  after  five  launderings.  Stainless  steel  blends  require 
at  least  4.4  percent  ccxiductive  fiber  to  achieve  these  results  after  5 
launderings  ( see  Figure  A— 4 ) .  The  stainless  steel  blends  were  also 
eiffected  more  by  lauirfering.  With  the  exception  of  the  10  percent 
stainless  steel  sample,  2lL1  of  the  s^aIples  tested  either  fcdled  to  meet  the 
4000  volt  mininum  %ax  level  in  the  warp  and/or  filling  direction  or 
exhibited  decay  times  greater  than  1/2  second  (see  Table  2  aiid  Figure  A-5) 
after  5  launderings.  The  sample  containing  10  percent  stainless  steel  was 
able  to  achieve  an  average  Vlnax  level  of  4192  volts  after  being  laundered 
only  5  tirtES,  ccnpared  to  the  4  percent  BCC  (Bi-Ccnpcnent  Carbon)  needed  to 
reach  the  same  level  after  having  been  laundered  50  times  (refer  Table  2). 
AdditionaUy,  previous  X-Ray  analysis  of  materials  containing  stainless 
steel  indicate  that  surface  migration  and  clustering  of  the  stainless  steel 
fibers  occurs  ^er  laundering  (3),  possibly  a  result  of  the  stainless 
steel  fiber  being  much  heavier  in  weight  than  the  aramid  fibers  (stainless 
steel  has  a  density  of  7.8  [grams] /[cubic  centimet^]  [g/cnr]  [4]  while 
thedensities  of  Rcmex  and  of  Kevlar  are  1.38  q/car  and  1.44  to  1.47 
g/canr,  respec^vely,  [5])  in  the  fabric.  The  difference  in  Vlnax  levels 
after  laundering  may  also  be  attributed  to  the  removed  of  hunsctants,  which 
are  often  added  for  a  better  "hand." 

Figure  A-6,  idiich  illustrates  the  effect  of  laundering  on  ccndiKtive 
^ids,  shews  tdiat  the  sample  mast  eiffected  by  laundering  was  that  with  an 
inccnplete  grid;  a  conductive  nmofilament  (silver  coated  nylon)  running  in 
the  filling  direction  only,  at  1/2-inch  spacing.  The  grid  second  most 
affected  was  that  of  the  1/2  inch  silver-coated  nylon  ccrplete  grid.  It  is 
believed  the  positive  results  on  these  fabrics  prior  to  laundering  are  due 
to  the  presence  of  humectants,  and  that  a  1/4-inch  grid,  as  opposed  to  a 
1/2— inch  grid,  using  silver  coated  rylen  would  yield  significantly  better 
results  after  laundering.  IXie  to  the  lack  of  data,  metallic  grids  ca.nnot 
be  ruled  cut  as  an  effective  method  of  controlling  static.  The  three  1/4 
inch  grids  tested  met  the  4000  volt  Vhiax  level  both  before  and  after 
laundering,  though  two  performed  better  than  the  third,  and  were  more 
stable  after  laundering.  The  1/4  inch  grid  materials  with  better 
performance  prc^ly  utilize  a  more  conductive  caxtxxi  yam.  Hie  1/8  inch 
grid  tested,  which  vaa  expected  to  perform  the  best  of  all  gride,  did  not 
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perform  as  expected,  possibly  diie  to  a  less  ccn±x±ive  cazbcn  yam.  Mote 
the  stability  of  the  results  fitter  repeated  launderings  (see  Figure  6). 
Since  the  data  on  the  conductive  grids  is  limited,  optimcnn  grid  size  cannot 
be  determined  without  further  sainple  testing. 

The  decay  times  of  all  fabrics  met  the  <  0.5  second  requirenent,  with 
the  exception  of  the  following; 

a.  )  polyester  witli  silver-coated  nylon  filaments  spaced  1/2  inch  apart 
in  filling  directicn  oily,  vAiich  exhibited  very  high  decay  times  after 
laundering  (an  average  of  greater  than  13  seconds) 

b.  )  98  percent  Nanex/Kevlar,  2  percent  Stciinless  Steel,  Oxford  Weave, 

which  had  an  average  decay  time  of  0.73  seconds  in  the  filling  direction 
prior  to  .'aundering,  and  had  an  overall  average  decay  time  of  3.95  secxxids 
after  lawidering. 

c.  )  98  percent  Ncmex,  2  percent  P140  (Olive  Green),  which  exhibited  an 

average  decay  time  of  0.734  seconds  prior  to  laundering 

d.  )  Aramid  blend,  cartxcnized,  vrfiich  revealed  an  average  decay  time  of 
3.3  secxxids  prior  to  laundering  and  0.7  second  after  laundering. 


Conclusion;  It  is  concluded  that  both  conductive  blends  and  conductive 
grids  are  acceptable  matlxads  of  controlling  static  in  otherwise  static — 
prone  fabrics  through  the  use  of  proper  grid  sizes  and  prcpesr  blend 
levels.  Hie  present  results  indicate  a  grid  size  of  1/4  inch  is 
appropriate  vAien  using  a  conductive  carbon  grid  to  obtain  desirable 
electrostatic  properties  after  laundering.  Further  testing  mist  be 
conducted  to  determine  whether  this  also  holds  true  for  metallic  grids, 
such  as  silver-coated  nylon.  It  is  expected  a  decrease  in  grid  size  from 
1/2-  to  1/4-inch  would  iitprove  the  perfornance  of  materials  containing  a 
silver-coated  nylon  grid  to  an  acc^jbable  level.  Results  for  intimate 
blends  with  conductive  carbon  fibers  indicate  at  least  3.6  percent 
conductive  carbon  fiber  is  needed  to  obtain  good  electrostatic  properties 
after  laundering.  A  level  of  at  least  4.4  percent  is  required  for 
stainless  steel.  Ihese  percentages  are  beised  on  Figures  A-3  and  A-4,  which 
utilize  "best  fit"  curves.  Intimate  blends  containing  stainless  steel  were 
found  to  be  affected  more  by  laundering  than  the  ceubcn  grids  and  the 
ccU±ion  blends  (with  the  exc^jtion  of  the  "ccU±onized"  fabric) .  Stainless 
steel  fibers  appear  to  migrate  together  when  laundered,  possibly  duo  to 
their  heavier  vreight  as  coipaired  to  other  fibers,  resulting  in  a  decrocise 
in  static  performance.  The  presence  of  humsctants  on  the  stainless  steel 
blends  prior  to  laundering  may  edso  be  a  contributing  factor.  The 
silver-coated  nylon  grids  were  cilso  significantly  affected  by  laundering, 
probably  due  to  the  presence  of  humectants  prior  to  laundering.  Note  that 
several  of  the  carbon  blend  fabrics  were  laundered  50  times  with  little 
change  in  electrostatic  properties. 
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Table  1  Sanple  Descripticxis 


1.  Materials  vdth  rxs  conductive  fiber  and  no  topical  antistatic 
treatment. 

a.  100  percent  Polyester,  Barrier  Fabric  402482,  Plain  Weave, 

Klopnan  Fabrics,  Blue  A195 

b.  100  percent  Ncraax/Kevlar,  Plain  Weave,  Isonex  Industries, 
nAAK60-85-C-0013,  KEL-C-83429,  roll  #19373,  A^l  Tube  356, 
C^SInouflage  Print 

2.  Materials  vd.th  Conductive  Grids 

a.  99  percent  Textured  Polyester  Filament  Yam,  1  percent  Carbon 
suffused  nylon  filament  yam  in  diamond  slumped  grid  form  (apprcx- 
imately  1/4-inch  in  size) ,  varp  knit.  Rad  Kap  Industries,  blue 

b.  Polycbck  401175,  100  percent  Polyester  filament  yam  with  carbon 
grid  ( approximately  1/4-inch  in  size),  plain  weave,  Klcpman 
Fabrics  Division  of  Burlingtcxi  Industries,  Durapel  Finish,  Blue 
M481 

c.  100  percent  Polyester  filament  yam  with  carbon  grid 
(approodmately  1/8-inch  in  size),  twill,  Klcpman  Fabrics  Division 
of  Burlington  Industries,  viiite 

d.  100  percent  Polyester  filament  yEum  with  silver  coated  nylon 
filainait  yam  in  1/2-inch  grid  form,  pladn  vreave,  Sauguoit 
Industries,  white 

e.  100  percent  Polyester  filamart  yzun  with  silver  coated  nylon 
filament  yeun  in  filling  direction  only  (1/2-inch  spacix^),  plain 
weave,  Sauguoit  Industries,  white 

f .  100  percent  Polyester  with  carbon  core  grid  (approximately 
1/4-inch  in  size),  plain  vreave,  AS-III  no.  6306  (EW769W),  E'anebo, 
Ltd.,  Osaka,  Japan,  Red 

3.  Materials  Containing  Conductive  Fibers  (Intimate  Blends) 

a.  Stainless  Steel  Fibers 

(1)  99  percent  95/5  Ncmex/Kevleu:,  1  percent  Stainless  Steel, 
Burlington  Plain  Weave,  MIL-C-83429,  DAftK60-87-C-0004 , 
Woodland  Printed 

(2)  99  percent  95/5  Nanex/Kevlar,  1  percent  Stainless  Steel, 
Burlington  Oxford  Weave,  MIIrC-83429,  nRM60-87-C-0004, 
Woodland  Printed 


8 


Table  1  Sanple  Descxipticns  (cxscit'd) 


(3)  99  percent  95/5  Nansx/Kevle’r,  1  percent  Stainless  Steel, 
Plain  Weave,  Prcfessioial  Chemical  &  Color,  MII>C-83429, 
DRflK60--88-C-0064,  Vfoodland  Printed 

(4)  99  percent  95/5  Nonex/Kevlar,  1  percent  Stainless  Steel, 
Oxford  Heave,  Professional  Chemical  &  Color,  mL-C-83429, 
DAAK60-83-C-0064,  Hoodland  Printed 

(5)  98  percent  95/5  Nansx/Kevlar,  2  percent  Stainless  Steel, 
WidcMsll  Finish,  Plain  Weave,  Springs  Industries/Prochrana, 
nRAK60-90-C-0062,  MIL-C-83429,  Aircrew  BDU,  Woodland 
Printed, 

(6)  98  percent  95/5  Nonex/Xevlar,  2  percent  Stainless  Steel, 
Wickwell  Finish,  Oxford  Weave,  Springs  Industries/Prochrcma, 
nAAK60-90-C-0062,  MrL-C-83429,  Aircrew  BDU,  Woodland 
Printed, 

(7)  90  percent  Ncnex,  10  percent  Stainless  Steel,  Plain  Weave, 
Gieige  fabric  (source  unknown) 

b.  Ceuixxi  Fibers 

(1)  99  percent  T455  Nonex/Kevlar,  1  percent  BCC  (Bi-Conpcnent 
Cartxn),  Plain  Weave,  DAflK60^1-C-0152,  Dark  Green 

(2)  98  percent  T456  Nonex  Aramid  Staple,  2  percent  P140,  Plain 
Weave,  DuPont,  MIL-C-83429,  Gr^n 

(3)  98  percent  95  Nonex,  2  percent  P140,  Plain  Weave,  DuPont, 
MIL-C-83429,  Olive  Green 

(4)  98  percent  95/5  Nonex/Kevlar,  2  percent  P140,  Plfidn  Weave, 
Southern  Mills/  DuPont,  DAAK60-90-C-0046,  MIL-C-83429, 
Aircrew  BDU,  Woodland  Printed 

(5)  96  percent  T455  Ncmex/Kevlar,  4  percent  BCC  (Bi-Coipcofflit 
Carbon),  Plain  Weave,  nRAK60-91-C-0152,  Dark  Green 

(6)  93  percent  T455  Nonex/Kevlar,  7  percent  BCC  (Bi-Coipcnent 
Carbon),  Plain  Weave,  DAflK60-81-C“0152,  Dark  Green 

(7)  Aramid  Blend,  Carbonized,  Aiatex  Corp,,  Aircrew  BDU,  VEE 
6311,  Camouflage  print. 
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Table  2  Electrostatic  Prcperties 


1.  Materials  vdth  no  ccriductive  fiber  and  no  topical  antistatic 
treatrent. 


a.  100  percOTt  Polyester! 


Average  Vtaax 

Average  Decay  Time 

Antistat  Initial; 

t  Volta) 

■tSesaodsJl _ 

Average  Karp 

958 

S 

Average  Filling 

758 

s 

Overall  Average 

858 

s 

b.  100  percent  Ncnex/Kevlar: 


Average  Vtaax 

Average  Decay  Tims 

Antistat  Initial: 

t  Volta) 

fSeconds) 

Average  Warp 

467 

S 

Average  Filling 

392 

S 

Overall  Average 

429 

s 

2*  Materials  with  Conductive  Grids 


a.  Polyester  with  1/4"  carbon  suffused.  r;ylon  grid  (Red  Kap) : 

Average  Vtnax 

Average  Decay  Tims 

(Volts) 

. . 

Antistat  Initial: 

Average  Warp 

5000 

0.01 

Average  Filling 

5000 

0.01 

Overall  Average 

5000 

0.01 

Laundered  5x  (IM  5556) 

Average  Warp 

4875 

0.01 

Average  Filling 

4500 

0.01 

Overall  Average 

4688 

0.01 

b.  Polyester  with  1/4"  carbon  grid, 

•• 

1 

1 

Average  Vtnax 

Average  Decay  Tims 

1  Volts) 

(SecoTjda) 

Antistat  Initial: 

Average  Warp 

4604 

0.01 

Average  Filling 

4667 

0.01 

Overall  Average 

4635 

0.01 

S  Unable  to  roeastire  decay  time  due  to  low  voltage  levels. 
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Table  2  Blectroetatic  Properties  (oont'd) 


b.  Polyester  with  1/4"  carbon  gzdd,  blue  (Klcpman)  (cent. )  t 


Average  Vtaax 

Average  Decay  Tins 

f  Volts) 

(Seconds) 

Laundered  5x  (1M  5556) 

Average  Warp 

4188 

0.01 

Average  Filling 

4063 

0.01 

OverzLll  Ave3:age 

4125 

0.01 

c.  Polyester  with  1/8" 

carbon  grid,  «Mte  (Klopcan); 

Average  Mnax 

Average  Decay  Tuna 

(Volts) 

(Seconds) 

Antistat  Initial; 

Average  Warp 

3729 

0.01 

Average  Filling 

3625 

0.01 

Overall  Average 

3677 

0.01 

laundered  5x  (IM  555S) 

Average  Warp 

3542 

0.01 

Average  Filling 

3625 

0.01 

Overall  Average 

3583 

0.01 

d.  Polyester  with  1/2" 

silver  coated  nylon  grid  (Sauguoit); 

Average  V)mx 

Average  Decay  Time 

(Volts) 

iSessBdsj _ 

Antistat  Initial; 

j^erage  Warp 

5000 

0.01 

Average  Filling 

5000 

0.01 

Overall  Average 

5000 

0.01 

Average  Vtoox 

Average  Decay  Tine 

(Volts) 

(Secd^) 

Laundered  5x  (IM  5556) 

Average  Warp 

3583 

0.01 

Average  Filling 

3854 

0.01 

Overall  Average 

3719 

0.01 

e.  Polyester  with  1/2" 

silver-coated  nylon 

in  filling  direction 

only  (Sauguoit) : 

Average  V)iax 

Average  Decay  Tima 

(Volta) 

(Seconds) 

Antistat  Initial; 

Average  Warp 

5000 

0.59 

Average  Filling 

5000 

0.02 

Overall  Average 

5000 

0.30 

Tfedble  2  Electrostatic  Properties  (edit'd) 


e.  Polyester  with  1/2"  silver-coated  rylen  in  filling  direction 
oily  (Sauguoit)  (cont.): 


Average  Vtoax 
( Volts \ 


Laundered  5x  (IM  5556) 
Average  Narp 
Average  Filling 
OverzdJ.  Average 


Average  Dec^  Tins 


>20.00 

>10.01 

>13.34 


f .  Polyester  with  1/4"  carbon  core  grid  (ICan^») : 


Average  Vlaaax 
(Volta 1 


Average  Decay  Time 
(Seconds! _ 


Antistat  Initial: 

Average  Warp 

4958 

0.01 

Average  Filling 

4875 

0.01 

Overall  Average 

4917 

0.01 

Laundered  5x  (TM  5556) 

Average  Warp 

4833 

0.01 

Average  Filling 

4583 

0.01 

Overall  Average 

4708 

0.01 

3.  Materials  Containing  Conductive  Fibers  (Intimate  Bldds) 
a.  Stainless  Steel  Fibers 

(1)  99  percent  NcnEx/Kevlar,  1  percdit  Stainless  Steel 

(DAflK60-87-C-0004), Plain  Weave: 


Average  Vhax 
(Volts! 


Averse  Decay  Tixne 
(Seconds! _ 


Antistat  Initial: 

Average  Warp 

4383 

0.010 

Average  Filling 

4600 

0.006 

Overall  Average 

4492 

0.008 

Laundered  5x  (IM  5556) 

Average  Warp 

3717 

0.003 

Average  Filling 

4075 

0.004 

Overall  Average 

3896 

0.003 
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Table  2  Electrostatic  Properties  (coat'd) 


(2)  99  perc«it  Nccax/Keivlar,  1  percent  Stainless  Steal 

(DAAK60-87-C-0004),  Oxford  Weave: 

Avexnage  Vinax  Average  Decay  Time 

f  Volts) _  (Seconds) 

Antistat  Initial: 


Average  Warp 

4608 

0.004 

Average  Filling 

4367 

0.005 

&;erall  Average 

4488 

0.004 

laundered  5x  (OM  5556) 

Average  Karp 

4158 

0.002 

Average  Filling 

3767 

0.002 

Overall  Average 

3963 

0.002 

(3)  99  percrait  Nomex/Kevlar,  1  percent  Stainless  Steel 

(DAAK60-88-C-0064),  Plain  Weave: 

Average  Vtnax  Averzige  Decay  Tima 

(Volta) _  (Seconds) _ 

Antistat  Initial: 


Average  Warp 

4900 

0.195 

Average  Filling 

4917 

0.303 

Overall  Average 

4909 

0.249 

laundered  5x  (IM  5556) 

Average  Warp 

2625 

0.003 

Average  Filling 

2450 

0.003 

Overall  Average 

2538 

0.003 

(4)  99  percent  Nctnex/Kevlar,  1  percait  Stainless  Steel 

(DAAK60-88-C-0064),  Oxford  Weave: 

Average  Vaax  Average  Decay  Time 

(Volts) _  (Seconds) _ 


Antistat  Initial: 

Average  Warp 

4875 

0.004 

Average  Filling 

5050 

0.257 

Overall  Average 

4963 

0.131 

Lauxxiered  5x  (IM  5556) 

Average  Warp 

4042 

0.002 

Average  Filling 

1067 

* 

^rerall  Average 

2554 

* 

Decay  tiae  not  measured  for  these  sanples 


Table  2  Electrostatic  Properties  (ccnt'd) 


(5)  98  percent  Nansx/Kevlar,  2  percent  Stainless  Steel,  Plain 

Weave: 


Average  Vtaex  Average  Decay  Time 

(Vbltai _  (Seconds) _ 

Antistat  Initial: 


Average  Warp 

5000 

0.01 

Average  Filling 

5000 

0.24 

Overall  Average 

5000 

0.13 

Laundered  5x  (IM  5556) 

Average  Wairp 

4125 

0.01 

Average  Filling 

3958 

0.01 

Overall  Average 

4042 

0.01 

(6)  98  percent  Nomex/Kevlar,  2  percent  Stainless  Steel, 

Oxford  Weave: 

Average  Vtaax  Average  Decay  Hms 

(Volts ) _  (Seconds^ _ 

Antistat  Initial: 


Average  Warp 

4708 

0.01 

Average  Filling 

4417 

0.73 

Overall  Average 

4563 

0.37 

Laundered  5x  (TM  5556) 

Average  Warp 

4396 

0.01 

Average  Filling 

4146 

7.89 

Orerall  Average 

4271 

3.95 

(7)  90  percent  Nomex/Kevlar,  10  percant  Stainless  Steel: 

Average  ^ftnax  Average  Decay  Tiine 

(Volts) _  (Seconds) _ 

Antistat  Initial; 


Average  Warp 

4450 

0.002 

Average  Filling 

4333 

0.002 

Orerall  Average 

4392 

0.002 

laundered  5x  {IM  5556) 

Average  Warp 

4283 

0.002 

Average  Filling 

4100 

0.002 

Overall  Average 

4192 

0.002 
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ISable  2  Electrostatic  Frcperties  (oont'd) 


b.  Carbon  Fibers 

(1)  99  percent  T455  Nonex/Kevlar,  1  percent  BOC: 


Average  Vtanx 
(Volta t 


Antistat  Initial; 

Average  Warp  3177 

Average  Filling  3550 

Overall  Average  3333 

laundered  50x  (TM  5556) 
Average  Warp  3108 

Average  Filling  2950 

Overall  Average  3029 


Average  Decay  Time 


(2)  98  percent  Nanex/Kevlar,  2  percent  P140,  Green: 


Average  Vtaax 
(Volta) _ 


Antistat  Initial; 

Average  Warp  3725 

Average  Filling  3275 

0;erall  Average  3500 

Laundered  5x  (TM  5556) 
Average  Warp  3583 

Average  Filling  3408 

Overall  Average  3495 


Average  Decay  Time 


0.003 

0.003 

0.003 


0.004 

0.003 

0.003 


(3)  98  percent  Wcraex,  2  percent  P140,  Olive  Gre«i; 


Average  Vbax 
(Volts) 


Antistat  Initial; 

Average  Warp  4708 

Average  Filling  4600 

(Overall  Average  4654 

Laundered  5x  (TO  5556) 
Average  Warp  3725 

Average  Filling  3542 

Overall  Average  3633 


Average  Decay  Tims 


0.810 

0.658 

0.734 


0.332 

0.008 

0.170 


Decay  time  not  measured  for  these  sanples. 
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Table  2  (ccxA.) 
Blec±zo8tati£;  Properties 


(7)  Aramid  blend,  carbonized: 

Average  'Moax 
f  Volta  > 

Antistat  Initial: 

Average  Naxp  4642 

Average  Filling  4733 

Overall  Average  4688 

Laundered  5x  (IM  5556} 

Average  Warp  4718 

Average  Filling  4783 

Overall  Average  4751 


Average  Decay  Time 
fSeconda) _ 

3.1 

3.6 

3.3 


0.5 

0.9 

0.7 


Figure  A-2  Carbon  Blends 

Effect  of  Laundering 

Average  Vmax  (volts) 

6000 
5000 
4000 
3000 
2000 
1000 
0 

Ox  6x 

Number  of  Launderings 

1%  P140/Nom/K«vl  2%  P140/Nom/K«vl  Carbonlnd  Stand 

1*  BCC/Nom/Kavl  4%  BCC/Nom/K«vl  7«  BCC/Nom/Kavl 

Mlnimlm  L*v«l  Aec«pt«d 


Figure  A-3  Carbon  Blends 

Effect  of  %  Carbon  Fiber 


Laundered  Ox  •  Laundered  6x  or  more 
Minimum  Lavel  Acoaptod 


Figure  A-4  Stainless  Steel  Blends 

Effect  of  %  Stainless  Steel 


-  Laundered  Ox  -®- Laundered  5x 
Minimum  Laval  Aecaptad 


Figure  A-5  Stainless  Steel  Blends 

Effect  of  Laundering 

Average  Vmax  (volts) 

6,000 
5,000 
4,000 
3,000 
2,000 

Ox  6x 

Number  of  Launderings 

1*  33/0004/(>-^  1%  33/0004/0 1%  33/0064/R—  1«  33/0064/0 

2%  S3.  Plein  2*  33,  Oxford-^  10%  83,  Pl*ln 
Minimum  Laval  Accapted 

Not#;  *P*  rapraaanta  'Plain  Waava' 

*0'  rapratania  "Oxford  Waava* 

0004  •  0064  Idantify  Coriract  No. 
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iAppendix  B 
TEST  MEraCD  5931 


Msthod  5931 
June  21,  1990 


ELECiSCSmnC  decay  of  FRSRICS; 
CeiEFMZNAnCN  CF 


1.  SC3CFE 

1.1  fAila  method  is  int^ided  for  determining  the  tine  It  takes  for  a 
charge  on  a  fabric  surface  to  decay  to  an  electrostatically  safe  level.  TiiLa 
method  is  appropriate  for  use  on  material  which  may  or  may  not  contain 
conductive  fibers,  or  have  been  treated  with  an  antist&t  finish.  Ibe  ultimate 
puzpoee  is  to  determine  which  materials  axe  safe  for  wear  during  electrostatic 
sensitive  operations. 

2.  TEST  SPECIMEN 

2.1  Bie  specimen  shall  be  a  3-  by  5-inch  rectangular  piece  of 
material.  Ibe  warp  or  filling  yams  shall  run  parallel  to  the  5-inch  laigth  of 
the  specimen.  Ihe  direction  of  test  (warp  or  filling)  shall  be  edong  the 
length  of  the  specimen  and  each  specimen  shall  be  lab^ed  accordingly  in  one 
comer.  Test  specimens  shall  be  cut  so  that  no  two  contain  the  same  set  of 
warp  and  filling  yams. 

3.  NUMBER  (S’  tSHEEMINATICKS 

3.1  Unless  otherwise  ^jscified  in  the  procurecasnt  document,  six 
specimens  shall  be  tested,  three  in  the  warp  direction  and  three  in  the  filling 
direction. 

4.  APPARATUS 

4.1  The  apparatus  shall  consist  of  a  humidity  test  cdvanbar,  a  meter  for 
measuring  relative  humidity  (RH)  and  tenperature,  a  faraday  ceige,  a  source 
capable  of  outputing  5000  volts,  and  a  recorder  on  which  voltage  behacvior  with 
respect  to  time  may  be  plotted.  The  faraday  cage  shall  contain  two  parallel 
elactroc^,  on  which  specimens  may  be  mounted  and  chairged,  and  a  sensor  by 
vAiich  voltage  on  the  specinen  surface  mey  be  detected.  The  apparatus  si^ll 
also  include  voltage  meters  to  display  the  applied  voltage,  and  the  voltage 
detected  ty  the  sensor. 

5 .  juAJhri 

5.1  The  faraday  cage  and  specimens  to  be  tested  shall  be  precersditioned 
at  10  +  2  percent  relative  humidity  crvexnight,  and  conditioned  at  20  +2  percOTt 
relative  humidity  for  a  minianm  of  24  hours  at  appreodmately  75  ±  5^.  The 
specimens  shall  be  tested  at  20  ±  2  percent  relative  htaaidity  and  75  ±  5°F. 

An  air- ionizing  blcwer  can  be  used  within  the  chanfoer  ^lAule  conditioning, 
although  the  blcwer  mist  be  turned  off  once  testing  begins. 
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m)  TEST  METeOD  SID.  191A 


MBTBOD  5931 


5.2  Allow  test  equiptnait  1  hcxir  of  wazin-iq>  tine.  Adjust  voltage  souzca  for 
a  charging  voltage  of  5000  volts.  Mount  a  3-  by  5-inch  £d.uininuni  plate  across 
the  electrodes  in  the  faraday  caqs,  such  that  it  is  centered  in  front  of  the 
voltage  sensor  opening.  Apply  a  charge  of  5000  volts,  and  calibrate  the 
voltage  meter  designated  to  indicate  detected  voltage  on  the  sanple  equal  to 
5000  volts.  Remove  the  aluminum  plate. 

5.3  Msunt  a  specimen  tautly  acroas  the  electrodes,  centering  it  over  the 
soisor  opening.  The  surface  of  test  specimen  (back  or  front)  shall  face  the 
SQisor.  A  deionizing  bar  my  be  used  on  the  specimen  before  the  test  to  remove 
residual  charge.  Apply  5000  volts  to  the  electrodes  for  a  period  of  20 
seconds.  At  the  end  of  the  20-seccnd  period,  the  hi^  voltage  (5000  volts) 
shall  be  turned  off  and  the  specimen  imnadiately  grounded.  The  voltage 
behavior  of  the  specimen  with  respect  to  time  shall  be  plotted  on  the  recorder. 

5.4  The  maximum  voltage  level  reached  on  the  specimoi  shall  be  measured  fron 
the  recorder  curve  as  the  difference  between  the  highest  level  and  lowest  level 
of  the  full  decay  curve.  If  the  specimen  did  not  reach  a  maximan  voltage  of  at 
least  4000  volts  during  the  20-second  charging  pericd,  the  specimen  shall  be 
recorded  as  non-^>assing  and  the  reascn  not^.  The  time  for  the  charge  to  c^cay 
from  the  maxinum  voltage  level  to  10  percent  of  the  maximum  level  shall  be 
measured  fron  the  voltage  plot. 

5.5  The  specimen  is  acceptable  if  the  decay  time  to  10  percent  of  the 
maxinum  voltage  is  less  than  1/2  second,  and  considered  not  aauceptable 
otherwise.  Record  the  naximum  voltage  level  and  decay  time  to  10  percent.  The 
reciscn  for  any  failures  shall  be  noted. 

5.6  Remove  specimen.  Repeat  5.3  thrcu^  5.5  for  the  front  aid  back  sides  of 
each  specimen  of  the  test  fabric. 

5.7  Recalibrate  periodically,  at  the  mininum  bctwaoi  each  set  of  six 
specimens. 

6.  REPORT 

6.1  The  test  method  used,  and  any  edteraticns  to  the  method,  shall  be 
r^xirted. 

6.2  Test  conditions,  including  relative  humidity,  room  tenperature,  and 
conditioning  time  shall  be  stated. 

6.3  Equipment  names,  model  nur±iers,  and  manufacturers  sImiU  be  listed. 

Special  modifications  to  equipment  shall  be  described.  A  description  of  any 
equipment  built  in-house  shall  be  included. 


6.4  Id«itification  of  materials  tested,  including  name,  carpooiticn,  weave,  . 
prinbed/dyed,  finishes,  manufacturer  and  any  other  pertin^  infooceiitian  whall 
be  included. 
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6.5  Alterations  to  materials  shall  be  noted  together  with  the  test  method 
used,  or  description  of  the  process  applied;  e.g.,  laundering. 

6.6  The  average  tine  to  decay  to  10  perc^it  of  the  maxinum  voltage  shall  be 
included  for  each  of  the  warp  and  filling  directions,  as  veil  as  the  overall 
average,  for  each  fabric  tested.  It  shall  be  indicated  vdvether  the  fabric  is 
acceptable,  or  non-acceptable. 

7.  NCTEES 

7.1  Equipment  suitable  for  conducting  this  test  may  be  purchased  frcia: 

Electro-Tech  Systems,  Inc.  (Model  506  Controlled  Humidity  Test 

115  E.  Glenside  Avenue  Chanter,  Model  406C  Static  Decay 

Glenside,  PA  19038  Meter  (includes  faraday  ca^)) 

ABB  Metravreitt,  Inc.  (Model  SE-561  Memory  Ch.art  Pecorder) 

2150  Vfest  6th  Avenue 
Bloomfield,  00  80020 

Solomat  Corporation  (Model  MPM  500  'Bisnao  Hygro 

Glenbrock  Industrial  Park  Tachometer) 

652  Glenbrook  Road 
Stamford,  CT  06906 
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DISIRIBtJIICN  LIST 


Tachnical  Lihrazy 

U.S.  Azsy  Natick  Heseazch,  Davelopcent  and 
Engineering  Goiter 
Natick,  m  01760-5000 

Mr.  Robert  Hall 

Newy  Clothing  &  Textile  Research  Flacillty 
Natick,  IVi  01760 

Mr.  Ted  Putnam 
USM  Foirest  Service 
Tecdnolog/  &  Developnait  Goiter 
Fart  Missoula 
Missoula,  MT  59801 
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